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Description 

The invention relates to a layer system having at least one 
metal oxide layer, the metal oxide comprising a t itani um 
aluminum oxide. The layer system has a high structural and 
thermal stability, in particular at operating temperatures of 
over 600°C, and is especially suitable for optical coatings, 
without being restricted to this particular application. 

Optical layer systems, in particular alternating layer 
systems, which are composed of alternating thin films with 
high and low refractive indices on top of one another, have 
been known for years for a wide range of applications. They 
act as a light interference film, the optical properties of 
which are determined by the choice of material for the layer 
with a high and/or low refractive index and therefore the 
choice of the corresponding refractive index, by the 
arrangement of the individual layers and by the choice of the 
individual layer thicknesses. The selection is substantially 
based on known optical design rules and design aids in 
accordance with the criteria of the desired optical 
properties and the processing properties. 

Examples of suitable starting materials for the production of 
coatings of this type for, for example, reflectors, mirrors, 
filters, lamps, IRC torches/lamps, etc. include, inter alia, 
Ti0 2 and Si0 2 . 

Thin films of these materials are usually applied by CVD 



processes (CVD = Chemical Vapor Deposition) , PVD processes 
(PVD = Physical Vapor Deposition) or sol-gel processes and 
are distinguished by the fact that they are hard and 
chemically stable and have a high refractive index 
5 difference. 

With regard to stability with respect to high temperatures, 
few problems are expected with silicon oxides. However, if 
titanium oxide is used as layer material with a high 
10 refractive index, problems arise at high operating 

temperatures (> 600°C) , as may be reached, for example, for 
glass-ceramic reflectors or IRC lamps. The titanium oxide 

changes at these high temperatures. This is attributable in 

i 

particular, as described extensively by H. Sankur and W. 

15 Gunning in J. Appl . Phys . 66 (1989), to the phase transformation 
of the Ti0 2 applied in the amorphous state. At temperatures 
of over 350°C, Ti0 2 crystallizes to form the anatase phase, 
then the rutile phase at temperatures around 600°C. This 
produces turbidity in the coating, and its optical 

20 properties, which have been optimized by means of a specific 
optical design, deteriorate. 

DE 3227069 Al discloses an optical coating which is suitable 
for high temperatures and comprises an alternating layer 
25 system made up of Si0 2 as layer material with a low 

refractive index and Ta 2 0 5 as layer material with a high 
refractive index. This coating is able to withstand high 
temperatures and is aimed at improving the working efficiency 
of the coated object, in particular of halogen lamps. 

30 

An improvement to the working efficiency and a higher thermal 
stability compared to the use of Ti0 2 as layer with a high 
refractive index can certainly be achieved, but using Ta 2 0 5 
in the high-temperature range also causes considerable 
35 turbidity in the layers, and consequently these coatings are 



3 



unsuitable for many application areas. 

It is an object of the invention to provide a coating which 
is substantially structurally stable and remains (virtually) 
5 free of turbidity at high operating temperatures. 

According to the invention, the object is achieved by a layer 
system as described in claims 1 to 24. 

10 The layer system according to the invention includes at least 
one layer formed from a metal oxide which comprises titanium 
aluminum oxide. The individual layers of the layer system 
which are required, for example, to produce a specific 
optical design of the layer system are referred to below as 

15 functional layers. 

Functional layers formed from titanium aluminum oxide have a 
significantly higher thermal and structural stability than 
the known functional layers formed from metal oxides. 

20 

Since a functional layer comprising titanium aluminum oxide 
inherently ensures a high thermal stability, an additional 
interruption with an intermediate layer formed from a 
different metal oxide makes a contribution to achieving the 

25 object to the extent that they can be additionally 

stabilized, but primarily serves to further improve the 
mechanical and optical properties of functional layers 
comprising titanium aluminum oxide. To avoid optically 
undesirable influences from the intermediate layer, either 

30 the thickness or the refractive index of the intermediate 
layer is to be selected to be such that this layer is 
optically inactive. In addition to their high thermal 
stability, by way of example layers of this type also have a 
high brilliance, cause an improvement to desired optical 

35 characteristic values, such as for example reflectivity or ^ 
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transmissivity , and a high scratch resistance. 

A further layer system according to the invention likewise 
comprises at least one functional layer formed from a metal 
5 oxide, wherein at least one intermediate layer comprising 
titanium aluminum oxide interrupts at least one functional 
layer formed from a metal oxide that is different than the 
intermediate layer. In this case, either the thickness or the 
refractive index of the intermediate layer is to be selected 
10 to be such that this layer is optically inactive. 

By interrupting the morphology of functional layers formed 
from metal oxides by means of intermediate layers which 
comprise titanium aluminum oxide, it is likewise possible to 

15 achieve the desired thermal and structural stability of 

functional layers formed from metal oxides. Furthermore, the 
interruption with these intermediate layers allows the 
mechanical and optical properties of the functional layers 
formed from a metal oxide to be significantly improved. This 

20 opens up a wide range of application areas for layer systems 
according to the invention. 

It is expedient for functional layers to be interrupted in 
such a manner as to form sublayers which do not undergo any 
25 changes to their structure under high thermal loads. For 

example, amorphous functional layers formed from metal oxides 
whose individual sublayers remain below a thickness of 50 nm 
are not subject to any crystallization under the action of 
high temperatures . 

30 

One particular effect of the invention is the possibility of 
setting the refractive index of the layer comprising titanium 
aluminum oxide by setting the quantitative ratio of aluminum 
to titanium. The refractive index n can be varied in a range 
35 from 1.55 = n = 2.50. Increasing the aluminum content reduces 
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the refractive index n of the layer. Even small quantities of 
aluminum (Al: Ti for example approx. 1: 3.84; with n = 2.34) 
significantly improve the structural stability and thermal 
stability of a functional layer. This makes these layers very 
5 flexible in use. 

The ability to set the refractive index of the layer 
comprising titanium aluminum oxide can be utilized 
particularly advantageously to match the refractive index of 

10 the functional layer to that of the intermediate layer, or 
vice-versa. Therefore, functional layers formed from metal 
oxides with a refractive index n in the range from 
1.55 = n = 2.50 (for example from zirconium oxide or 
stabilized zirconium oxide which has been stabilized by the 

15 addition of a stabilizer material, such as for example 

yttrium oxide, etc, with n approx. 2.1) can be interrupted by 
an intermediate layer formed from titanium aluminum oxide 
without being optically influenced thereby. In this case, the 
intermediate layers no longer have to have the low 

20 thicknesses of intermediate layers with a differing 

refractive index, which have to remain below a thickness at 
which they can become optically active. A similar statement 
also applies to the interruption of titanium aluminum oxide 
functional layers by intermediate layers formed from a metal 

25 oxide. 

The layer systems according to the invention may comprise 
either a single functional layer or a layer system having a 
plurality of functional layers, preferably an alternating 
30 layer system formed from functional layers with high and low 
refractive indices . 

In this case, alternating layer systems made up of functional 
layers comprising titanium aluminum oxide as functional 
35 layers with a high refractive index and titanium aluminum 



6 



oxide functional layers interrupted by intermediate layers or 
functional layers partially interrupted by titanium aluminum 
oxide intermediate layers and formed from metal oxides of 
•high refractive index are equally possible. 

5 

In one preferred embodiment of the layer systems according to 
the invention as alternating layer system formed from 
functional layers with high and low refractive indices, the 
functional layer with a high refractive index comprises a 

10 titanium aluminum oxide. It preferably consists of Ti x Ali_ x O y , 
with 0 < x < 1, preferably with 0.3 < x < 1 particularly 
advantageously with 0.5 < x < 1. The lower the level of 
aluminum, the higher the refractive index of the functional 
layer becomes. The functional layer of low refractive index 

15 then comprises a silicon oxide, preferably silicon dioxide. 
Silicon dioxide is likewise able to withstand high 
temperatures and has a low refractive index compared to the 
titanium aluminum oxide. 

20 With regard to the optical design, a certain layer structure 
is predetermined in terms of the sequence and thickness of 
the functional layers. The corresponding optical layer 
thicknesses n*d are of the order of magnitude of e/4 (n = 
refractive index of the layer; e = design wavelength) or 

25 below. The values for the layer thicknesses d F of the 

functional layers for applications of the layer system 
according to the invention in the near IR and visible regions 
are then preferably 5 nm = d F = 200 nm. Layer systems of this 
type for optical applications are eminently suitable for use 

30 in high-temperature ranges, i.e. at operating temperatures of 
over 600°C. 

If, moreover, the functional layers with a high refractive 
index are interrupted by intermediate layers with a low 
35 refractive index and vice-versa, it is important, in 



particular with optical layer systems, for the intermediate 
layers which interrupt the functional layers to remain below 
a thickness at which they could become optically active in 
the layer system as a whole. Suitable thicknesses d z for the 
intermediate layers are then in the range from 
0.3 nm = d z = 10 nm, preferably in the range from 
0 . 5 nm = d z = 4 . 0 nm and particularly appropriately in the 
range from 1.0 nm = d z = 2.5 nm. The use and number of the 
intermediate layers should preferably be selected in such a 
way that the thickness d T of the sublayers formed from the 
functional layer is approximately 20 nm = d T = 250 nm. 
Therefore, suitable layer thicknesses for functional layers 
to be interrupted are d T = 40 nm. 

In this context, it is particularly important for the process 
engineering sequence if, in an alternating layer system 
formed from functional layers with a high refractive index 
and a low refractive index, the functional layers with a high 
refractive index are interrupted by intermediate layers 
formed from the layer material with a low refractive index. 
Furthermore, it is possible for the functional layers with a 
low refractive index to be interrupted by intermediate layers 
formed from the layer material with a high refractive index. 
In this case, it is not absolutely necessary to interrupt 
every functional layer. 

However, it is not essential for the intermediate layer to 
have a different refractive index than the functional layer, 
but rather it must be suitable to influence the structure 
formation in the functional layer so that high temperatures 
do not cause any deterioration in the optical properties of 
the coating. It is therefore also possible for functional 
layers with a high refractive index formed, for example, from 
titanium oxide to be interrupted by intermediate layers with 
a high refractive index formed from titanium aluminum oxide. 
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Chemical vapor deposition processes, preferably plasma- 
enhanced, in particular the PICVD process (PICVD = Plasma 
Impulse Chemical Vapor Deposition) , are advantageously 
5 suitable for production of the layer systems according to the 
invention . 

These processes allow uniform and accurate production of 
layers, making them eminently suitable for industrial coating 

10 processes. Furthermore, this process can be used to control 
the ratio of aluminum content to titanium content in a 
particularly simple way- 
Sol-gel processes are likewise advantageously suitable for 

15 industrial production of the coating. 

In principle, however, it is also possible for the layer 
system according to the invention to be produced using PVD 
processes (PVD = Physical Vapor Deposition) , such as for 
20 example evaporation coating, sputtering or other processes. 

A very wide range of substrate materials can be used 
depending mainly on the application area for the coated 
object. For use in the high- temperature range, the associated 
25 thermal load should be taken into account appropriately. 
Suitable substrate materials are both metals, glass and 
glass-ceramics as well as plastics. 

According to the invention, the layer systems are used for 
30 the coating of reflectors, in particular for the coating of 
glass-ceramic reflectors. These coatings allow excellent 
optical and mechanical properties of the reflectors to be 
achieved even under long and extreme thermal loads on account 
of the structural and thermal stability of the coating. 
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Furthermore, according to the invention the layer systems are 
used for the coating of illumination bodies, in particular of 
IRC lamps/torches. In this case too, these coatings can 
produce excellent optical and mechanical properties of the 
illumination bodies under long and extreme thermal loads on 
account of the structural and thermal stability of the 
coating . 

The invention is to be explained in more detail below on the 
basis of the exemplary embodiments and figures, in which: 

Fig. 1 shows a layer system according to the invention for a 
reflector coating 

Fig. 2 shows the reflection properties of the reflector at 
temperatures of 450°C, 650°C and 750°C 

Fig. 3 shows the dif f ractograms of titanium aluminum oxide 
layers with different refractive indices after 
treatments at 650°C and 850°C 

Fig. 4 shows a table summary of the quantitative ratios of 
Al : Ti for the dif f ractograms of titanium aluminum 
oxide layers illustrated in Fig. 3. 

Figure 1 shows an optical layer system according to the 
invention for a reflector. The reflector has a high 
reflection in the wavelength region for visible light and is 
therefore eminently suitable for illumination purposes. By 
virtue of its high transmission in the near IR and a 
resulting low heat reflection, it is particularly suitable 
for temperature-intensive illuminations and can be used, for 
example, in digital projectors. 



The layer system is an alternating layer system and comprises 
43 functional layers. The functional layer with a low 
refractive index is formed from Si0 2 and the functional layer 
with a high refractive index is formed from Ti x Ali- x O y . 

The quantitative ratio of aluminum to titanium is 
Al:Ti = 1:2.09. At this quantitative ratio, the Ti x Ali- x O y 
layer has a refractive index n = 2.26. The precise 
arrangement and the individual layer thicknesses are shown in 
the table presented in Figure 1. 

The individual functional layers were produced by means of 
PICVD processes. With this process, the person skilled in the 
art is able to control the aluminum content in the usual way, 
so that it was possible to set the refractive index of the 
titanium aluminum oxide layer in a targeted fashion. 

Reflectors produced in this manner were then exposed to 
thermal loads of 450°C, 650°C and 750°C. The reflectors did 
not reveal any turbidity following these thermal loads. 

Figure 2 shows the reflection characteristics of the 
reflectors under the different thermal loads mentioned above. 
When testing the reflection properties of the reflector 
coating according to the invention, it was likewise possible 
to demonstrate that the high operating temperatures have 
scarcely any significant effect on the reflection properties, 
and in particular the reflection properties of the reflectors 
remain stable in the desired wavelength range from 
370 nm < e < 800 nm. At the same time, the high transmission 
of the reflectors in the near IR is retained. 

The reflector which is described by way of example and has a 
structurally and thermally stable coating according to the 



invention can be used in digital projectors but is also 
suitable for illumination purposes in high-voltage and low- 
voltage technology, for example for use in halogen 
illumination technology. 

Furthermore, the properties of an individual layer according 
to the invention were investigated. 

For this purpose, substrates made from quartz glass were 
coated with in each case one Ti x Ali- x O y individual layer 
(0 < x < 1) with a layer thickness of 500 nm by means of a 
PICVD process. Different quantitative proportions of aluminum 
and titanium were set in the coating process in order to vary 
the refractive index between the minimum and maximum possible 
values of 1.55 = n = 2.50. The ratios set in the layers were 
measured by means of EDX. The corresponding quantitative 
ratio can be determined from the measured proportions in at%. 
The individual values for the quantitative proportions in at% 
of titanium and aluminum, the associated quantitative ratio 
of Ti:Al and the corresponding refractive indices are given 
in the summary presented in Figure 4. 

Increase in the aluminum content reduces the refractive index 
n of the layer. 

Then, the coated substrates were exposed to a thermal load of 
650°C or 850°C for one hour. The X-ray examinations of the 
individual specimens illustrated in Figure 3 following the 
treatment at 650°C and 850°C show that only in each case the 
layer with the lowest aluminum content, with n = 2.34, 
reveals any incipient formation of the anatase phase. 
However, even small quantities of aluminum are sufficient to 
prevent the formation of crystals under high-temperature 
loads. Compared to pure titanium dioxide, both the 
crystallization of an amorphous layer to form anatase at low 



temperatures and the recrystallization to form the rutile 
phase at temperatures above 600°C are suppressed. None of 
layers examined had any turbidity phenomena. 



Therefore, substrates which have been coated with an 
individual functional layer according to the invention can 
also be used for a very wide range of applications, 
preferably in the high-temperature range, since they remain 
structurally stable without any turbidity even under extreme 
thermal loads of more than 600°C. 

The use of a layer system according to the invention on IRC 
lamps/torches represents a further possible application 
example. The layer system in this case comprises an 
alternating layer system formed from functional layers with a 
high refractive index and a low refractive index. These 
interference layer systems typically comprise more than 30 
functional layers . 

The designs of alternating layer systems for lamps or torches 
of this type are well known. They are such that the light 
generated by the lamp in the visible wavelength region is 
transmitted and the IR radiation which is generated 
simultaneously is reflected into the light-generating body 
(IRC system = Infrared-reflective coating) . 

The reflected radiation makes a significant contribution to 
reaching the operating temperature of the luminous body. The 
temperature of the lamp bulb or torch may under certain 
circumstances amount to more than 1000°C. 

Hitherto, known alternating layer systems were only able to 
withstand thermal loads of up to approximately 600°C, which 
was attributable in particular to the inadequate thermal 
stability of the layer with a high refractive index. 
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The use of suitable functional layers with a high refractive 
index formed from aluminum titanium oxide and/or of metal 
oxide functional layers with intermediate layers interrupting 
5 them in the coating makes it possible to increase the thermal 
stability of the IRC lamps/torches to well over 600°C. 



